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FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

The present invention relates to a surgical 
ultrasonic horn. These horns are generally used in 
cutting and separating of the living tissue, e.g car- 
tilaginous tissue or bone. 

A surgical knife has been widely used for this pur- 
pose. However, the surgical knife is inferior in cutting 
«ffic»ency. Therefore, it prolongs an operating time to 
Impose serious exertion on the operator. Further, the 
operator is required to operate it with a higher cuttino 
technique. * 

f 011)0 sujTgical tools using an ultrasonic have 
been proposed. For example, in the surgical tool dis- 
closed In Japanese Patent Examined Publication No. 
47-39197, an ultrasonic oscillating element pounds at 
a flat end thereof a surface of the tissue. Therefore 
the part of tissue pounded Is crushed and emulsified 
and then removed outside. However, such surgical 
tool isn't appropriate for cutting and separating of lis- 
sue. 

Further, another surgical tool uses an ultrasonic 
oscillator provided at a distal end thereof with a saw 
Portion. In operation thereof, the ultrasonic oscillation 
generates frictional heat between the distal end and 
the tissue to be cut to raise the temperature at that 
point to some hundreds «C. Accordingly, the cut part 
of tissue is carbonized, and the distal end of the oscil- 
lator may deteriorate and then may be broken; 



Figs. 1 1 B to 1 7B are sectional views of the embo- 
diments shown in Figs. 1 1 A to 17A, respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



OBJECT AND SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 
to provide a surgical tool using an ultrasonic which is 
adapted to cut and separate tissue and is capable to 
restrict the generation of frictional heat 

The function and the advantages of the present 
invention will be apparent from the following expla- 
nation of the preferred embodiments described with 
referring to the accompanying drawings attached 
hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an enlarged fragmentary perspective 
view showing an ultrasonic horn according to a 
fust embodiment of the present invention; 
Fig. 2 Is a surgical operating apparatus using the 
horn shown in Fig. 1; 

Figs. 3 to 7C are fragmentary perspective views 
showing a second to a seventh embodiments of 
the present invention, respectively; 
Figs. 8 to 10 are fragmentary perspective views 
showing boms modified from one shown in Fig. 7; 
Figs. 11A to 17A are front views showing the 
embodiments of different shapes of the cutting 
portion, respectively; and 



An ultrasonic horn 1 shown in Fig. 1 is connected 
to an ultrasonic escalation source 2 so as to cooperate 
therewith. The ultrasonic oscillation source 2 is elec- 
io tncally connected to an ultrasonic oscillator 3 through 
cables 4. s 

The ultrasonic oscillation source 2 is provided at 
an intenor thereof with a through bore 21 through 
whrch an irrigation solution flows. The bore 21 is com- 
»s municated at one end thereof to a bin 5 containing the- 
rein physiological saline through a tube 51 and a 
nipple 22 mounted to the ultrasonic oscillation source 
2. Arollerpump 52 is disposed in a mid portion of the 
tube 51 so as to pump the physiological saline. 
20 A foot switch 6 synchronizes the ultrasonic oscil- 

lator 3 and the roller pump 52. 

As shown in Fig. 1. the ultrasonic horn 1 includes 
a horn body 1 1 connected at one end thereof to the 
ultrasonic oscillator 3 and an end portion 12 connec- 
25 ted at one end thereof to the other end of the bom 
body through intermediate portion. They are inte- 
grated with each other. Cutting portions 121 and 123 
are provided at one edge and an end of the end por- 
«>on 12, respectively. The horn 1 is provided at an 
30 intenor thereof with a passage 13 through which the 
^gation solution flows. The passage 13 is communi- 
cated at one end thereof with the bore 21 and the 
other end thereof Is opened at the end of the end por- 
tion 12. The cutting portion 121 presents an elongate 
as plate like shape. In order to improve the cutting effi- 
ciency, the cutting portion 123 is rounded and is tap- 
ered by a slant angle a (o > 45") in respect of the 
oscillation direction. A plurality of recesses 14 are pro- 
vided on the cutting portion 121. Further, a plurality of 
40 Jetoores 124 for irrigation solution are provided on the 
cutting portion 121. The jet bore 124 Is opened at the 
cutting portion 121 by a jet angle 0 (0 > 5°) in respect 
of an extending direction of the passage 13. 

Next, an operation of the above explained 
« apparatus will be described hereinunder. 

At first, the foot switch is closed to operate the 
ultrasonic oscillator 3 and the roller pump 52 The rol- 
ler pump 52 supplies physiological saline from the bin 
S to the passage 1 3 through the tube 51 , the nipple 22 
so and the through bore 21 of the ultrasonic oscillation 
source 2. Simultaneously the ultrasonic oscllator 3 
drives the ultrasonic oscillation source 2 to mechani- 
• cally oscillate the horn 1. According this, the cutting 
portions 121 and 123 cut and separate the tissue In 
55 thrs occasion, physiological saline is sprayed through 
the jet bores 124 towards on the tissue portion to be 
cut The physiological saline suppresses the raisingof 
temperature due to the frictional heat in the cutting 
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portions 121, 123 and the tissue portion to be cut 
thereby preventing the cutting portions 121 and 123 
from being deteriorated and the tissue portion to be 
cut from being carbonized. In case that the irrigation 
solution of 10-C to 25*C is sprayed, the temperature 5 
of the tissue portion to be cut is maintained at about 
15°C to about 30°C. Further, the jets of physiological 
saline can remove fine particles of the cut tissue from 
the surface of the tissue to expose new tissue surface 
to the operator. According this, the operation effl- 10 
ciency is further improved. Further, the jets of 
physiological saline stimulate the osteoblast on the 
bone and then promote the recovery of the cut portion. 

In order to obtain a suitable jet of physiological 
saline, it is preferable that diameters of the jet bores is 
124 and the opening of the end of the end portion 12 
are equal or smaller than a diameter of the passage 
13. In case that the jets of physiological saline may 
restrict a visual field of the operation, it would be pref- 
erable to prevent the passage 13 from extending 10 20 
the end of the end portion 12. 

In this embodiment, the recess 14 has a semi* 
spherical shape. However, another shapes may be 
applicable according to the circumstances. A radius of 
the recess 14 is between 0.3 mm and 2.5 mm. A depth 25 
is between 0.1 mm and 2 mm, preferably between 0.5 
mm and 1.5 mm. A pitch between the recesses is be- 
tween 1.5 mm and 7 mm, preferably between 2 mm 
and 3 mm. Due to the semi-spherical recesses, the 
cutting portion 121 isn't broken even though the 30 
ultrasonic oscillation of a higher amplitude of 100 um 
to 300 um is applied. Further, since the contact resi- 
stance between the bone and the cutting portions is 
reduced, the cutting efficiency is improved by 20% to 
30% as compared with the one without recesses. 35 

It can be possible that the cutting portion 123 is 
defined by linear boundaries (Fig. 4). The slant angle 
a is 45° or more, preferably 60° to 90°. The thickness 
of the cutting portion 123 is between 0.1 mm and 7.0 * 
mm, preferably between 0.2 mm and 1.5 mm. 40 

A contour of the intermediate portion between the 
horn body 11 and the end portion 12 may be an arc. 
a caternary, exponential, or Fourier curve, instead of 
the flat tapered one shown in Fig. 2. 

The material of the horn is preferably titanium 45 
alloy, or stainless alloy, or a composition of titanium 
alloy and stainless alloy. It may be possible to apply 
a coating or abrasion resistance process to the cutting 
portions. 

According to this embodiment on the cutting and so 
separating of the bone, due to the shape of the cutting 
portions specified above, the cutting portions 
smoothly enters from the surface of the bone to an 
interior thereof by means of the mechanical ultrasonic 
oscillation when it contacts slightly to the bone. There- 55 
fore, the scattering against the operator is suppres- 
sed, thereby being capable of operating with higher 
precision. The elastic tissue of the bone, e.g. perios- 



teum is never damaged by the horn 1 due to the 
characteristics of the ultrasonic 

TTie embodiment shown m Fig. 5 is suitable to the 
cutting operation in case that the visual field Is restric- 
ted. The end portion 12 is bentbyan angley in respect 
of an axis of the horn body 1 1. The angle y Is prefer- 
ably between 10° and 30°. 

In the embodiments shown in Figs. 6A and 68 
the end portion is detachably screw-mounted to the 
horn body. In this case, the end portion must be so 
mounted to the horn body that the axis of the horn 
body extends within a plane including the cutting por- 
tion, * ^ 

'ntteembod^^ 
tion 12 is provided at opposite edges thereof with a 
first and a second cutting portions 121, 122, and at 
end thereof with a third cutting portion 123. The irri- 
gation solution passage 13 doesn't extend to the end 
of the end portion though it can open at the end of the 
end portion. A pair of irrigation solution jet bores 125 
and 126 open at a proximal portion of the end portion 
1 2 by the jet angle ft (p > 5-) in respect of the extend- 
ing direction of the irrigation solution passage 13 re- 
spectively (Fig. 7A). A plurality of another jet bores 
127 open at the cutting edges 121 and 122, respect- 
ively (Figs. 7B and 7C). There may be some modifi- 
cations as shown in Figs. 8 to 10. Namely, the end 
portion 12 is bent by an anger y in respect of the axis 
of the horn body 11 and/or is detachably screw-moun- 
ted to the horn body 11. 

The cutting portions of the embodiments shown in 
Ftgs. 11A to 17B are different from one another The 
cutting portions 121 and 122 extend parallel to the 
direction of the ultrasonic oscillation. On the contrary 
the cutting portion 123 has linear boundaries which 
extend so as to cross the oscillation direction, namely 
extend in a direction which crosses the oscillation 
direction by an angie a not zero. The cutting portion 
123 may have an arc contour. 

Claims 

1 • A surgical ultrasonic horn comprising: 

a horn body connected, in use, at one end 
thereof to an ultrasonic oscillation source; 

an end portion extending from the other 
end of said horn body, said portion being provided 
at an edge and an end thereof with plate-like cut- 
ting portions; 

passage means extending in said horn 
body and said end portion, through which, in use, 
irrigation solution flows; and 

at least one bore through which said irri- 
gation solution is sprayed in use, said bore com- 
municating with said passage and opening at said 
cutting portion by a jet angle of 5° to 90° in respect 
of an axis of said horn body. 
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2. A horn according to claim 1, wherein another 
bore, through which, in use, said irrigation solu- 
tion is sprayed, is provided at a side of said end 
portion. 

3. A horn according to claim 1. wherein said pas- 
sage opens at said end of said end portion. 

A horn according to claim 1 or claim 3, wherein 
said cutting portion is provided with at least one 
recess. 

5. A horn according to claim 1 # wherein said cutting 
portions are provided on opposite edges of said 
end portion. 

6. A horn according to claim 3, wherein said cutting 
portions are provided on opposite edges of said 
end plate portion. 

7- A horn according to claim 1 or dawn 6, wherein 
one of said opposite edges is provided with a 
plurality of cutting portions. 

S. A horn according to claim 1 or claim 2, wherein 25 
said end portion is bent in respect of an axis of 
said horn body by an angle not greater than 90°. 

9. A horn according to claim 1 or claim 2, wherein 
said cutting portion provided at the edge of said 30 
end portion extends parallel to an oscillation 
direction. 

10. A horn according to claim 1 or claim 2 or claim 9, 
wherein said cutting portion provided at the end 35 
of said end portion is rounded. 

11. A horn according to claim 1 or claim 2 or claim 9, 
wherein said cutting portion provided at the end 

of said end portion is tapered by an angle be- so 
tween 45° and 90°. 
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